Alcohol outlet accessibility is positively associated with alcohol consumption, although this relationship has not been thoroughly examined in pregnant women. The present study examines the relationship between proximity and density of alcohol outlets and risk for low birth weight (LBW: <2,500 grams) and preterm birth (PTB: <37 weeks gestational age), and is the first Canadian study to investigate this association. METHODS: Maternal accessibility to alcohol outlets was specified using a gravity-type measure of accessibility, which provides the amount of accessibility that a given household has to liquor stores within 30-minutes of their home. All singleton newborns without congenital anomalies that were born between February 2009 and February 2014 at London Health Sciences Centre in London, Ontario, were included in this cohort.
Introduction
Adverse birth outcomes, including low birth weight (LBW) and preterm birth (PTB) are more common among women of low socioeconomic status (SES). In a recent review of the literature, Campbell and Seabrook [1] found that neighborhood socioeconomic disadvantage, low maternal education, occupational status, and household income are all associated with adverse birth outcomes. Additionally, new and emerging research in epigenetics and the developmental origins of health and disease (DOHaD) demonstrates that many adult chronic diseases, including diabetes, obesity, and cardiovascular disease are largely attributable to what happens between conception and two years of age [2] [3] [4] [5] . Yet, despite the consistent association between socioeconomic disadvantage and adverse birth outcomes, it remains unclear how SES contributes to these disparities. While stress exposure and risk-taking behavior remain the two most common explanations for the persistent association between SES and health, [6] socioeconomic differences in birth outcomes are not well explained by biological or individual-level behavioral risk factors [7] .
Population-level risk factors may play a fundamental role in contributing to variations in birth outcomes: stress exposure and risk-taking behavior may mediate the relationship between the physical environment and health. For example, people living in neighborhoods characterized by high income inequality and poor living conditions tend to have greater stress exposure, which in turn, adversely affects health [1, 8, 9] . Indeed, prior research has found that neighborhood socioeconomic disadvantage increases the probability of a LBW infant, even after controlling for individual-level risk factors, including SES [10, 11] .
One trait of the built environment that may contribute to variations in birth outcomes is density of alcohol outlets. It is plausible that higher alcohol outlet density in specific geographic regions increases the frequency of alcohol consumption among pregnant women, which in turn affects birth outcomes. Although very little research has been conducted on alcohol outlet density and drinking behavior among pregnant women per se, considerable research has investigated the association between proximity and density of alcohol outlets and health outcomes in general. In a recent systematic review, [12] Roche et al. found positive associations between alcohol outlet availability and alcohol consumption, and SES and drinking frequency, and found that maternal alcohol use during pregnancy increased the odds of physical, developmental, learning and behavioral problems in children. Similarly, Brenner et al. [13] found that women living near the highest density of alcohol outlets had significantly higher alcohol consumption than women who lived in areas with low density, and that female drinkers above the 75th percentile were more likely to have high education and income. In a retrospective population-based study of 140 neighborhoods from Toronto, Ontario, [14] premature all-cause mortality was higher among adults aged 20-59 years when they lived in the highest quintile of alcohol outlet availability compared with the lowest quintile.
At this time, the association between alcohol use during pregnancy and adverse birth outcomes is not clearly understood. While some studies find a higher risk of LBW and PTB among women who drank alcohol, [15] [16] [17] others show a reduced risk of PTB [18] . In fact, in a systematic review of low-moderate drinking behavior (up to 10.4 UK units or 83 g/week), only 1/19 studies (n = 175,882 women) found a significant increase in LBW, whereas 15/16 studies (n = 178,639 women) showed no effect or a reduced rate of PTB [19] . On the other hand, although there is no threshold to define low-risk drinking during pregnancy [20] , there is sufficient evidence that highrisk alcohol exposure during pregnancy is associated with neurodevelopmental effects and abnormalities of development [21] . Furthermore, in the sole study that investigated the impact of neighborhood density of alcohol outlets on birth outcomes, Farley et al. [7] found no association with gestational age or birth weight-for-gestational age in rural and urban areas in Louisiana, or in the state as a whole. This study, however, was limited by its cross-sectional design, and by the fact that the number of off-premise alcohol outlets per capita was used as a proxy for the actual availability of alcohol in neighborhoods.
The primary objective of the present study was to assess the relationship between proximity and density of alcohol outlets in Southwestern Ontario and risk for LBW (<2,500 grams) and PTB (<37 completed weeks in gestational age), after controlling for socioeconomic and epidemiological risk factors also known to be associated with adverse birth outcomes. Alcohol outlets included Liquor Control Board of Ontario (LCBO) and Beer Store outlets of any size. To our knowledge, our study is the first Canadian study to investigate this association.
Methods
This retrospective cohort study comprised a large, population-based sample from Southwestern Ontario. Data were obtained from the perinatal and neonatal databases at London Health Science Centre (LHSC), a tertiary care facility with a catchment area of approximately 1.5 million patients per year. Data for all births at LHSC are prospectively entered from medical charts, and birth and neonatal records are recorded by a dedicated research assistant.
Maternal postal codes were entered into a Geographic Information System (ArcGIS 10.1, Environmental Systems Research Institute, Redlands, CA) to map the patients to determine mothers' home neighborhoods. Neighborhoods were defined by dissemination areas (DAs), the smallest geographical unit for which Statistics Canada releases the income data required for this study. Data on median household income for each DA in Southwestern Ontario were extracted from the latest Canadian Census (Statistics Canada, 2011) and linked to each mother. A full description of the geographical mapping methodology has been described elsewhere [9] .
Maternal accessibility to alcohol outlets, including LCBO outlets and Beer Store outlets, was specified using a gravity-type measure of accessibility, [22] which provides the relative amount of accessibility that a given household has to liquor stores within 30-minutes of their home. Addresses of LCBO liquor stores were provided by the Alcohol and Gaming Commission of Ontario, and Beer Store addresses were downloaded from their website (http://www.thebeerstore.ca/stores), and all addresses were geocoded within ArcGIS 10.3. A 30-minute cut-off was used because purchasing alcohol is considered a "routine" activity, and is not a good that individuals are usually willing to travel farther out of their way to purchase. The alcohol outlet gravity accessibility measure is calculated based on the following formula:
where A i is the accessibility of household i as defined by a mother's postal code at time of birth to all liquor stores located within 30 minutes; W j is the weighting to indicate the attractiveness of each location, which we assigned 1, based on the assumption that all alcohol outlet locations are equally attractive; d ij is the shortest path travel time on the road network linking household i to liquor store j; and f d ij is the distance-decay impedance function specified by exp −βd ij . In this study, the β is given the constant value of -0.1113, which is the value calculated for retail opportunities by Scott and Horner [23] .
All singleton newborns without congenital anomalies that were born between February 2009 and February 2014 at LHSC were included in this cohort. LBW infants were classified as those having a birth weight less than 2,500 grams. PTB was defined as a live birth less than 37 weeks gestational age. All SES variables were measured on a continuous scale, whereas the majority of medical history (e.g., previous PTB, chronic hypertension, gestational diabetes) and risk-taking variables (e.g., tobacco, marijuana, and alcohol use) were classified as a dichotomous, yes/no outcome. This study received approval from the University of Western Ontario Research Ethics Board and Lawson Health Research Institute at LHSC in London, Canada.
Statistical analysis
Data were analyzed using SPSS version 23 (IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY: IBM Corp.). Categorical variables are summarized as percentages, and continuous outcomes are presented as mean ± standard deviation (SD) or median and interquartile range (IQR) where appropriate. The Pearson correlation coefficient, or Spearman rank correlation coefficient, assessed the strength and direction of the association between alcohol outlet gravity and SES variables. Chi-square tests were used to determine the association between categorical independent variables and LBW and PTB as dependent variables, and univariate logistic regressions were used to assess the relationship between continuous predictor variables and the two birth outcomes. All univariate associations that had a significant relationship with LBW and/or PTB (p < 0.05) were subsequently included in multivariable logistic regression models. A two-sided p value <0.05 was considered statistically significant.
Results
The final sample consisted of 25,734 live births, of which 5.8% were LBW and 7.6% were PTB. Selected maternal characteristics of the sample can be found in Table 1 . The mean maternal age was 29.4 ± 5.4 years, and the average body mass index (BMI; kg/m 2 ) was 25.4 ± 6.5. Almost 20% of the women had a high school diploma or less as their highest level of education achieved. While 16.2% of women reported smoking tobacco during pregnancy, only 2.0% and 2.3% used alcohol and marijuana, respectively. The mean alcohol outlet gravity score was 9.5 ± 3.8.
We also examined the association between alcohol outlet gravity and socio-demographic and socioeconomic characteristics (data not shown). Alcohol outlet gravity had a weak positive correlation with the percentage of mothers living in poverty (r s = 0.33, p < 0.001) and in single-parent families (r s = 0.39, p < 0.001), but had little to no relationship with maternal education (r = -0.19, p < 0.001). Alcohol outlet gravity was moderately associated with population density (r s = 0.54, p < 0.001) and percentage of visible minorities (r s = 0.45, p < 0.001). In addition, univariate logistic regression revealed that alcohol outlet gravity increased the odds that mothers drank alcohol during pregnancy (OR 1.05; 95% CI: 1.02, 1.07). Table 2 presents the results of logistic regression models estimating the relative effects of alcohol outlets, socioeconomic status, clinical history of medical problems, and behavioral risk factors on the probability that mothers will have a LBW infant. In Model 1, alcohol outlet gravity has a significant inverse association with LBW (p < 0.001), and this remains consistent throughout all subsequent models. In Model 2, body mass index (BMI) is negatively associated with LBW (p < 0.001), and this inverse relationship persists throughout Models 3-5. With the addition of socioeconomic status variables in Model 3, women who are living below the low-income cut-off (LICO) are more likely to have a LBW baby (p < 0.01). In Model 4, medical history is added to the regression, and the results indicate that previous PTB, number of previous abortions, pre-pregnancy asthma, pre-existing hepatitis B, chronic hypertension, and gestational diabetes all increase the likelihood of a LBW infant, whereas number of previous caesarean sections are a protective factor for LBW. When behavioral risk factors are considered in Model 5, marijuana use is an even stronger predictor of LBW than smoking tobacco (OR: 2.629 vs. 1.585, respectively), and alcohol use during pregnancy decreased the likelihood of LBW. The same medical variables associated with LBW from Model 4 remain statistically significant, except for number of previous caesarean sections and abortions. Furthermore, low income is the only socioeconomic status variable that continues to be associated with LBW (p < 0.05). The top five predictors of LBW are previous PTB (OR: 3.247), pre-existing hepatitis B (OR: 2.962), marijuana use during pregnancy (OR: 2.629), chronic hypertension (OR: 2.537), and gestational diabetes (OR: 1.675). Table 3 presents results for PTB, the findings of which are similar to those found in Table 2 . Once again, alcohol outlet gravity is inversely associated with adverse birth outcomes throughout all the models. Unlike LBW, however, maternal BMI, low income, pre-existing hepatitis B, chronic hypertension, and marijuana, smoking, and alcohol use are unrelated to PTB. The top five risk factors for PTB are previous PTB (OR: 4.271), pre-existing Type 1 diabetes (OR: 2.229), gestational diabetes (OR: 1.983), opioid use during pregnancy (OR: 1.974), and anxiety during pregnancy (OR: 1.537).
Discussion
Using data from a large, population-based sample from Southwestern Ontario, we investigated the association between gravity-based accessibility to alcohol outlets and adverse birth outcomes. To our knowledge, there are no other Canadian studies examining this relationship. Contrary to our hypothesis, we found that, although alcohol outlet gravity increased alcohol consumption among pregnant women, it did not increase the likelihood of a low birth weight (LBW) or preterm birth (PTB).
In our study, the top five predictors of LBW were previous PTB, pre-existing hepatitis B, marijuana use during pregnancy, chronic hypertension, and gestational diabetes; the top predictors of PTB were previous PTB, pre-existing Type 1 diabetes, gestational diabetes, opioid use during pregnancy, and anxiety during pregnancy. Additionally, although the effect size was small, pregnant women living in lowincome neighborhoods were more likely to have a LBW infant after adjusting for individual-level risk factors, and this is consistent with other research assessing neighborhood disadvantage and LBW [7, 10, 11] .
The strong association between marijuana use and LBW is important. Women who reported marijuana use during pregnancy (2.3%) were 2.6 times more likely to have a LBW infant than women who did not use marijuana. This runs contrary to a new study by Mark et al. [24] which found no effect of marijuana use on the incidence of LBW and PTB; that study was limited, however, to only 170 birth outcomes.
However, our findings are in keeping with a large Australian study [25] which showed that marijuana use during pregnancy increased the odds of a LBW baby (OR: 1.7; 95% CI: 1.3, 2.2) and PTB infant (OR: 1.5; 95% CI: 1.1, 1.9). Moreover, the percentage of women reporting marijuana use during pregnancy was almost identical to the percentage in our study (2.6% vs. 2.3%, respectively), and the large sample sizes in both studies (n = 24,874 vs. n = 25,734, respectively) give confidence to our conclusion that marijuana use during pregnancy is associated with a higher probability of poor birth outcomes. Clearly, this has important policy implications in Canada considering recent suggestions to legalize its use.
To explore determinants of marijuana use during pregnancy further, we also examined its association with socioeconomic status. Although the associations were weak, women were more likely to use marijuana This study is not without limitations. First, it has been suggested that PTB is the most important measure of perinatal health, whereas LBW is unimportant [26] . Since many LBW babies are born preterm, many risk factors for LBW and PTB will overlap. However, our study examined the extent to which that is the case, and interestingly, we found some important differences based on the outcome under investigation. For example, maternal BMI had a consistent inverse relationship with LBW, but was unrelated to PTB. Similarly, chronic hypertension and smoking increased the odds of a LBW baby, but had no effect on PTB. Second, the impact of alcohol outlet gravity was limited to a narrow timeframe across the lifecycle, particularly the perinatal period. It is possible that alcohol outlet gravity is associated with maternal and child health outcomes over time, but not during or immediately after pregnancy. Third, our data were limited to maternal self-report and data collected from chart records. Thus, several variables, particularly those pertaining to risk-taking behavior (e.g., alcohol, tobacco, and marijuana use) must be interpreted with caution since they are likely to be under-reported.
Conclusions
Our large study from Southwestern Ontario is an important contribution to the literature because it demonstrates that high accessibility to alcohol outlets do not negatively affect birth outcomes. In addition, we found that, apart from the small but statistically significant association between mothers living below the low-income cut-off and low birth weight, adverse birth outcomes appear largely unrelated to socioeconomic status. Perhaps our most novel finding is that marijuana use during pregnancy is strongly associated with low birth weight. As maternal use of marijuana is a modifiable risk factor, it is prudent that women who are considering pregnancy, or who are already pregnant, be advised about its associated risks.
